cause vasoconstriction of the pulmonary vasculature and dilatation of a patent ductus arteriosus in preterm newborn infants with respiratory distress syndrome (RDS). Methods-Doppler echocardiographic studies were compared at 95% and 90% pulse oxygen saturation (SpO2) in 13 preterm infants aged 61.7 (4.3) hours with RDS and Doppler echocardiographic evidence of tricuspid regurgitation. Results-The mean (SD)Doppler echocardiographic indices determined at 95% were heart rate (146 (3.60) beats per minute), acceleration time of the velocity wave forms of the pulmonary artery (PAAT) (51.8 (2.5) milliseconds), ratio of PAAT to right ventricular ejection time (ET) (0.26 (0.02)), diameter of the ductus arteriosus (2.6 (0.6) mm), pulmonary blood flow (0.33 (0.03) I/minute) and the left ventricular shortening fraction (SF) (0.4 (0.02)%). The ascending aorta flow velocity wave form was used for the calculation of pulmonary blood flow. The right ventricular to right atrial systolic pressure gradient calculated using the peak velocity of the tricuspid regurgitation jet was 26.7 (7.4) that results in a saturation of 90% at a physiological pH be low enough to cause vasoconstriction of the pulmonary artery vasculature, leading to an increase in pulmonary artery pressure, as well as dilatation of the ductus arteriosus?' This concern is based on the fact that one of the most important factors affecting pulmonary vascular resistance in the postnatal period are decreases in oxygen tension. 4 One of the few human studies carried out in the postnatal period concerning the affect of lowering PaO2 was in normal term newborn infants three decades ago, when it was shown that a substantial lowering of the PaO2 during a short period of time (10-30 minutes) caused a rise in pulmonary arterial pressure.5 The response to acute hypoxia with increases in pulmonary artery pressure and vascular resistance is a response shared by all species in which it has been studied. The response begins within seconds and reaches a maximum within minutes.6
In an attempt to solve this potential problem, a Doppler echocardiographic study was planned to determine if there would be differences in cardiopulmonary haemodynamics in preterm newborn infants with respiratory distress syndrome (RDS) receiving oxygen treatment at a level that maintains arterial saturation at 90% compared with those having the level maintained at 95%. Doppler echocardiographic techniques are a valid, noninvasive, indirect way of assessing pulmonary artery pressure when tricuspid regurgitation exists.7
Methods Thirteen preterm newborn infants with RDS, free of any congenital abnormalities, requiring oxygen treatment and assisted ventilation, were studied. Their gestational age was < 34 weeks (mean (SD) 28.9 (0.9) weeks), with a mean birthweight 1284 (120) g and mean age at the time of study of 61.7 (4.3) hours. The gestational age was determined by menstrual history and ultrasound scan performed at 18-20 weeks of gestation and confirmed by medical examination at birth. To be included in this study, all infants had to show colour Doppler echocardiographic evidence of tricuspid regurgitation.
The infants were monitored by pre-ductal pulse oximetry and arterial blood gas measurements. Because of highly significant and rapid correlations with changes in arterial saturation, pulse oximetry has become the standard method of monitoring blood oxygenation in newborn infants. ' The pulse oximeter used in was visualised from the apical four chamber view. Using this approach, the ultrasound beam was in line with the direction of the blood flow.
Data were expressed as mean and standard error of the mean and analysed by Student's t test for paired measurements. Parental informed consent was obtained in accordance with the institution's human investigation committee.
Results
Blood gas values are shown in table 1. Saturations of 95% and 90% corresponded to a mean PaO2 of 11.6 (0.7) kPa (range 7.7-15.2) and 7.5 (0.4) kPa (range 5.7-9.3), respectively in the infants studied. Table 2 compares the Doppler echocardiographic indices at 95% and 90% saturations. There was no difference in heart rate, PAAT, PAAT:ET, SF or systolic pulmonary artery pressure. No changes were observed in the diameter of the ductus arteriosus or pulmonary blood flow at SPO2 90% compared with 95%.
The FI02 required to maintain a 90% saturation was 33 (2)% compared with 51.3 (6)% for a 95% saturation. At the higher saturation there were four infants whose PaO2 was greater than 13.3 kPa (range 13.5 to 15.2 kPa). At the lower saturation there were four infants whose PaO2 was less than 6.6 kPa (range 5.7 to 6.5 kPa). There was no difference between the mean values of these two extreme groups of PaO2 (PaO2 < 6.7 kPa and PaO2 > 13.3 kPa) in any of the Doppler echocardiographic indices studied; in the infants with the lowest PaO2 there was no evidence ofvasoconstriction of the pulmonary vasculature or vasodilatation of the ductus arteriosus.
Discussion
In this study indirect evaluation of pressures in the pulmonary circulation were based on the peak velocity of tricuspid regurgitation, the PAAT, and the ratio of PAAT over the right ventricular ET. With the application of the Bernouilli equation, the tricuspid regurgitation permitted an estimation of right heart systolic F95 group.bmj.com on June 30, 2017 -Published by http://fn.bmj.com/ Downloaded from pressure. Systolic pulmonary arterial pressure is therefore equal to the gradient in systole between right ventricle and right atrium assessed by the Bernouilli equation, plus the right atrial pressure. Pulmonary arterial pressure has been calculated by some authors by adding 5 mm Hg to the RV-RA difference when the patients were ventilated.'2 In this study each infant served as its own control, so no allowance was deemed necessary for right atrial pressure within the time scale of the echocardiographic exams. The pulmonary artery acceleration time was an additional method for evaluating pulmonary artery pressure, because shortening of the time interval occurs in the presence of pulmonary hypertension. In the present study the SaO2 changes did not affect heart rate, pulmonary artery acceleration time, myocardial contractility or the PAAT:ET.
The fact that there was no change in apparent pulmonary systolic pressure was reassuring, as a raised pulmonary artery pressure would be expected if ductal dilatation and pulmonary arteriolar vasoconstriction occurred during the period of lower saturation. It can still be argued that the absence of change in systolic pulmonary artery pressure does not necessarily indicate a stable pulmonary vascular resistance. A fall in pulmonary vascular resistance to accommodate an increase in pulmonary artery blood flow, caused by a rise in the left to right shunting through the ductus, could indeed occur without a significant modification of systolic pulmonary pressure. However, the fact that there were no changes in ductal diameter or in the actual volume of blood flow through the lungs adds more evidence to the concept of a stable pulmonary artery resistance. These results could help achieve the optimal oxygen levels during the management of oxygen treatment for preterm infants. On the one hand, adequate tissue oxygenation must be provided at the lowest concentration of oxygen to diminish the risk of retinopathy and bronchopulmonary dysplasia; on the other hand, the concentration of oxygen should be high enough to avoid adverse cardiac and pulmonary haemodynamic changes. Short periods of hypoxia have a significant effect on the pulmonary vasculature,45 but the present study shows that the level of PaO2 which provides an arterial oxygen saturation of 90% does not result in an increase in pulmonary artery pressure or ductal vasodilatation. The use of SPO2 in the 90% range, should it be considered safe during oxygen monitoring, could possibly decrease the incidence of retinal vascular injury and other forms of oxygen toxicity in preterm infants. Moreover, due to the shape of the HbO2 dissociation curve, the higher F102 values required to maintain an SaO2 of 95% cause a very significant increase in PaO2 for an arterial 02 content which is not much different from that which occurs at an SaO2 of 90%.
The findings in this study were observed over a short period of time and further investigation may be necessary to evaluate the effects of lower saturations over a more prolonged period.
